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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to liquid crystal display devices applied to display devices for computers, tele- 
vision systems, and the like, and also to methods of manufacturing these devices. More particularly, the present in- 
vention relates to liquid crystal display devices with a fast response time and wide viewing angle characteristics, and 
also to methods of manufacturing these devices. 

10 BACKGROUND ART 

[0002] Along with the advancement of multimedia technology, Image information has steadily Increased. In recent 
years, with the development of liquid crystal technology, liquid crystal display devices with high contrast and wide 
viewing angles have been developed and put Into practical use, reaching a level comparable to that of CRT display 
15 devices. 

[0003] As conventional liquid crystal display devices, for example, liquid crystal display devices operated in twisted 
nematic (TN) mode using a nematic liquid crystal and liquid crystal display devices operated in polymer-dispersed 
liquid crystal display mode using light scattering are well known. However, there are drawbacks to these liquid crystal 
display devices. Since the devices have a slow response time and narrow viewing angles, it is difficult to apply the 

20 devices to display devices that require fast moving image display and good visibility even from oblique directions. 
[0004] The response time of a liquid crystal display device is the time required for a liquid crystal to change into a 
driving state after a driving voltage has been applied to the liquid crystal. When a voltage is applied to the liquid crystal, 
the liquid crystal aligns in a specified direction and sets in the driving state. However, the liquid crystal molecules require 
a fixed amount of time to be completely aligned in the alignment direction; such time is called "response time." If the 

25 response time Is slow, when, for example, displaying moving images, previous Images remain, resulting in a liquid 
crystal display device which has particularly poor moving Image performance. 

[0005] Many attempts have been made in prior art to make the response of liquid crystal display devices high-speed. 
A variety of liquid crystal display modes that provide a sufficiently fast response time are introduced by Wu et al. (C. 
S. Wu and S. T. Wu, SPIE 1665, 250 (1992)); however, only a limited number of modes and methods are available 

30 that seem to provide the response characteristics required for moving Image display 

[0006] That is, in the current NTSC system, a liquid crystal needs to respond within one frame period (16.7 msec). 
Current liquid crystal displays provide a sufficiently fast response time for binary black and white display, but for multi- 
level gray-scale display, the displays show a slow response of 1 00 msec or more between gray scale levels. In particular, 
In low driving voltage regions the response between gray scale levels is extremely slow. 

35 [0007] Currently, as fast response liquid crystal displays suitable for moving Image display, ferroelectric liquid crystal 
display devices, anti-ferroelectric liquid crystal display devices, and so forth are being proposed. 
[0008] However, since ferroelectric liquid crystal display devices and anti -ferroelectric liquid crystal display devices 
have layered stnjctures, there are many practical problems such as poor shock resistance, narrow operating temper- 
ature range, temperature dependence of the characteristics, and the like. 

40 [0009] On the other hand, optically compensated bend (OCB) mode liquid crystal display devices using a nematic 
liquid crystal are considered to be promising liquid crystal display devices suitable for moving image display. These 
OCB mode liquid crystal display devices have a display mode whose high-speed properties were demonstrated by J. 
P. Boss In 1983. Later, it was recognized that when the devices were used in combination with film retardation plates, 
the displays demonstrated both wide viewing angles and a fast response time. This spurred active research and de- 

45 velopment. 

[001 0] OCB mode liquid crystal display devices include, for example, as shown in Fig. 7, a glass substrate 1 01 having 
formed thereon a transparent electrode 1 02, a glass substrate 1 08 having formed thereon a transparent electrode 1 07, 
and a liquid crystal layer 104 disposed between the substrates 101 and 108. Alignment films 103 and 106 are formed 
on the electrodes 1 02 and 107, respectively. The alignment films 103 and 106 are subjected to an alignment treatment 

50 so that liquid crystal molecules are aligned parallel In the same direction. In addition, on the outside surfaces of the 
substrates 1 01 and 108 polarizers 113 and 11 6 are arranged, respectively, to have a crossed Nicols relation. Between 
the polarizer 113 and the substrate 101 and between the polarizer 116 and the substrate 108, phase compensators 
117 and 118, which optically compensate for liquid crystal alignment, are arranged, respectively 
[001 1 ] A liquid crystal cell having such a structure is capable of inducing bend alignment or bend alignment including 

S5 twisted alignment, in the central portion of the cell, by application of a voltage. 

[0012] When bend alignment is provided such as described above, changes in the liquid crystal molecules are fast 
with respect to changes in the driving voltage applied between the electrodes 1 02 and 1 07, and thus a fast response 
time is achieved. In particular, also In a halftone display region where brightness variation is small, a fast response 
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time can be exhibited. In addition, symmetrical bend alignment widens the viewing angle of the display screen In the 
vertical direction. At the same time, the phase compensators 1 1 7 and 1 1 8 widen the viewing angle of the display screen 
In the horizontal direction. The phase compensators 117 and 118 also contribute to a reduction in the driving voltage. 
[0013] In such OCB mode liquid crystal display devices, an initialization process, whereby an initial splay alignment 
5 state changes to a bend alignment state by application of a voltage, is considered to be indispensable. 

[0014] However, with application of voltages of a few volts, the above-described initialization process requires min- 
utes. This is one of the problems with the OCB mode. 

[0015] In view of the foregoing and other problems, it is an object of the present invention to provide a liquid crystal 
display device with a fast transition time in which bend alignment is obtained easily by application of voltages of a few 
10 volts. In addition, it is another object of the present Invention to provide a liquid crystal display device that does not 
require transition control. 

DISCLOSURE OF THE INVENTION 

15 [0016] The present inventors have discovered that the foregoing problems can be overcome by carrying out a parallel 
alignment treatment on alignment films capable of providing predetenmined pretilt angles to the liquid crystal molecules. 
[0017] The present invention provides a liquid crystal display device comprising a liquid crystal cell having a first 
electrode arranged on a first transparent substrate, a second electrode arranged on a second transparent substrate, 
a first alignment film and a second alignment film covering the first electrode and the second electrode, respectively, 

20 the first alignment film and the second alignment film having been subjected to a parallel alignment treatment such 
that predetenmined pretilt angles having the same direction are induced In liquid crystal molecules at each film, and a 
liquid crystal layer enclosed between the first substrate and the second substrate, display being brought about by 
providing bend alignment to the liquid crystal to change light transmlsslvity, 

wherein the pretilt angle of at least one of the first alignment film and the second alignment film is in the range 

25 of from 15* to less than 90*». 

[0018] With the above-described construction, the liquid crystal molecules with pretilt angles in the range of from 
15^* to less than 90** at the alignment films are standing up at a relatively large angle. Thus, when a voltage is applied 
between the pixel electrode and the counter electrode, transition from splay alignment to bend alignment is accom- 
plished In a short time and reliably. Moreover, the transition Is accomplished with low electrical energy, and therefore 

30 the driving circuit will not become overloaded. In cases where the pretilt angle is large, the liquid crystal molecules are 
already in bend alignment prior to application of a voltage, making it possible to provide liquid crystal display devices 
that do not require transition control. In addition, the pretilt angle of one of the alignment films may be in the range of 
from 15* to less than 90"* or may be less than 15*. When the pretilt angle of one of the alignment films is in the range 
of from 15"^ to less than 90*, bend alignment can be achieved more reliably. It should be noted that it is more preferable 

35 that the pretilt angles of the alignment films be in the range of from 1 5* to less than 45^ when taking into consideration 
such factors as maintaining stable pretilt angles, maintaining liquid crystal alignment, and having uniform liquid crystal 
alignment. 

[0019] The pretilt angle of the first alignment film and the pretilt angle of the second alignment film may be equal. 
[0020] When the pretilt angle of the first alignment film and the pretilt angle of the second alignment film are equal, 
40 excellent symmetry Is achieved in terms of viewing angle, thus it is preferable. 

[0021] A phase compensator may be arranged on at least one of the first electrode side and the second electrode 
side, the phase compensator optically compensating for liquid crystal alignment Use of the phase compensator further 
widens the viewing angle and lowers the driving voltage. 

[0022] It is preferable that the phase compensator be at least one of a negative uniaxial retardation plate and a biaxial 
45 retardation plate. 

[0023] In the OCB mode, in order to maintain stable bend alignment, it is necessary that the director of the liquid 
crystal molecules form, on average, a large angle with respect to the electrode substrates. Therefore, on average, the 
refractive index in the direction perpendicular to the substrate surface (i.e., the thickness direction of the cell) is lower 
than that In the direction within the plane of the substrate. For this reason, a compensator that is capable of compen- 
50 sating for the anisotropy, has a lower refractive index in the thickness direction of the film than in the direction within 
the plane of the substrate, and has a negative uniaxial structure is effective, 

[0024] A biaxial retardation plate has retardation within the plane of the substrate and has a lower refractive index 
in the thickness direction than within the plane of the substrate. Thus, the biaxial retardation plate is capable of com- 
pensating for the colors and the viewing angle at the same time. 
55 [0025] Further, the phase compensator may be a negative uniaxial retardation plate, the retardation plate having a 
retardation of less than SOnm when viewed from the front, the principal axis of the retardation plate being tilted. The 
phrase "retardation of less than SOnm when viewed from the fronr is defined as 
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(nx-ny)d=And <30nm, 

where is the maximum refractive index within the plane of the substrate, ny Is the refractive index In the direction 
5 orthogonal to the direction within the plane of the substrate, is the refractive index in the thickness direction, and d 
Is the thickness of the retardation plate. By employing such a retardation plate, color shifts at viewing angles caused 
by the birefringence of the liquid crystal cell are highly compensated, preventing coloration, and thereby a liquid crystal 
display device excellent In temis of visibility such as contrast and black and white display can be provided. In particular, 
as the pretilt angles at the substrate surfaces are increased, the retardation of the liquid crystal layer gradually de- 
10 creases. For this reason, a retardation plate, which compensates for retardation, must have a low retardation value 
when viewed from the front. Thus, the retardation when viewed from the front is made to be less than 30nm. In addition, 
the phrase "the principal axis of the retardation plate being tilted" includes, for example, a case where the principal 
axis of the retardation plate is in hybrid alignment or a case where the molecules that make up the retardation plate 
are not uniformly oriented in the same direction. The case "the molecules that make up the retardation plate are not 
15 unifonnly oriented in the same direction" refers, for example, to a case where the molecular direction changes gradually 
in the thickness direction of the retardation plate. An example of such a retardation plate includes one using a discotic 
liquid crystal. 

[0026] These liquid crystal display devices can be manufactured by, for example, the following method. 
[0027] The present invention also provides a method of manufacturing a liquid crystal display device that changes 
20 light transmissivity to bring about display by providing bend alignment to liquid crystal provided between a pair of 
substrates, each of the substrates having an electrode and an alignment film an^anged thereon, the method comprising 
the steps of: 

forming an alignment film by fonning a first thin film on each of the pair of substrates by obliquely evaporating an 
25 Inorganic compound and fomriing a second thin film on each of the first thin films, the second thin films being 

composed of an organic compound; 

carrying out an alignment treatment on each of the second thin films; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 
30 injecting the liquid crystal between the pair of substrates to fonn a liquid crystal layer; 

whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set In the 
range of from 15* to less than 90". 

[0028] In this manufacturing method, first, oblique evaporation is perfomned using an inorganic compound, and then 
35 second thin films composed of an organic compound are fomned. By this method, the pretilt angles of the second thin 
films composed of an organic compound are added to the pretilt angles of the first thin films composed of an inorganic 
compound, which is oblique evaporated, whereby larger pretilt angles can be attained. 

[0029] In addition, by bonding the pair of substrates together such that the alignment treatment directions of the 
alignment films are substantially parallel to each other, parallel alignment of the liquid crystal molecules is achieved. 

40 [0030] The alignment treatment may be carried out so that the second thin films have a pretilt angle of 5** or more 
with respect to the surfaces of the first thin films. By this process, larger pretilt angles can be attained. 
[0031] The pretilt angle of each of opposing substrates are not necessarily equal, provided that the device is man- 
ufactured so that the pretilt angle of the liquid crystal molecules from the plane of at least one of the pair of substrates 
is set in the range of from 1 5* to less than 90**. A liquid crystal display devk;e in which the pretilt angles of the opposing 

^5 substrates differ can be manufactured by, for example, with a pair of substrates, changing the angle of oblique evap- 
oration of the first thin films or changing the alignment conditions of the second thin films. 

[0032] The second thin films may be fomned of a polyimide resin. When a polyimlde resin is used, an alignment 
treatment can be carried out by either rubbing or light in-adlation. 

[0033] In addition, it Is also possible to perform oblique evaporation on the surfaces of the substrates at a relatively 
so small angle and then apply a homeotropic alignment agent to the tilted surfaces. 

[0034] Further, the alignment films may be fomied by using other alignment treatment methods such as chemisorp- 

tion, stamping, and the LB method. 

[0035] In addition. Instead of perfomning the oblique evaporation of an Inorganic compound as described above, the 
alignment film may be formed directly on each of the substrate surfaces using an organic compound. In this case, the 
55 pretilt angles of the liquid crystal molecules from the planes of the substrates should be set in the range of from 15** 
to less than 90° by adjusting the light irradiation conditions or the rubbing conditions. The alignment films can be formed 
by chemlsorption, the layering of resins, or the like. 

[0036] Specifically, there are provided a method wherein a thin film composed of an organic compound Is fomned on 
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each of the pair of substrates and an alignment treatment may be carried out by irradiating each of the thin films with 
light; a method wherein a thin film composed of an organic compound Is formed on each of the pair of substrates and 
an alignment treatment may be carried out on each of the thin films by rubbing; and a method wherein by contacting 
the surfaces of the pair of substrates with a chemlsorbent material having a photosensitive group to chemisorb the 

5 chemlsorbent material onto the surfaces of the pair of substrates, an alignment film Is formed on each of the pair of 
substrates and an alignment treatment may be carried out by irradiating the alignment films with polarized light. 
[0037] The alignment treatment may be carried out on each of the thin films an'anged on the opposing substrates 
under differing alignment conditions, whereby the pretilt angle of the liquid crystal molecules from the plane of at least 
one of the pair of substrates Is set In the range of from 15** to less than 90**. 

10 [0038] The thin films may be fornied by using known materials including, for example, a resin such as a polyimide 
or a chemisorbabte molecule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0039] 

Fig. 1 Is a cross sectional view schematically showing the construction of a test cell of Example 1 used in a liquid 
crystal display device according to the present invention. 

Fig. 2 is a diagram describing the relationship between the values of applied voltages at which the Gibbs free 
20 energy with respect to splay alignment and the Gibbs free energy with respect to bend alignment are made equal 

and the pretilt angles. 

Fig. 3 Is a diagram Illustrating an alignment treatment method used In Example 1 . 

Fig. 4 is a diagram showing the voltage-brightness characteristics of the liquid crystal display device of Example 2. 
Fig. 5 is a diagram showing the voltage-brightness characteristics of the liquid crystal display device of Example 3. 
25 Fig. 6 is a cross sectional view schematically showing the construction of a liquid crystal display device of Example 

4. 

Fig. 7 is a view illustrating the splay-bend transition in an OCB mode liquid crystal display device induced by 
applying a voltage for initialization. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiment 1 

[0040] Now the present invention will be described in detail hereinafter with reference to the drawings. 
35 [0041] A liquid crystal display device of the present invention Is an OCB mode liquid crystal display device in which 
the initial alignment state Is bend alignment or splay alignment that transitions to a bend alignment state with only the 
Inputting of common video signals. 

[0042] Fig. 1 Is a diagram showing the construction of a liquid crystal cell according to a liquid crystal display device 
of the present invention. 

40 [0043] A first transparent substrate 1 and a second transparent substrate 8 have a first electrode 2 and a second 
electrode 8, respectively, arranged thereon. On the first electrode 2 and the second electrode 8, alignment films 3 and 
6 are fornied, respectively. Between the first transparent substrate 1 and the second transparent substrate 2, a liquid 
crystal 4 Is enclosed. 

[0044] One example of the above-described liquid crystal 4 includes a nematic liquid crystal with positive dielectric 
^5 anisotropy such as MJ96435 (with a refractive Index anisotropy of An = 0.138), available from Merck Japan, Ltd. 

[0045] The alignment films 3 and 6 arranged on the first transparent substrate 1 and the second transparent substrate 
8, respectively, are aligned in the same direction. The pretilt angle of the liquid crystal molecules Is in the range from 
1 5° to less than 90° at at least one of the alignment films. When the pretilt angle of the liquid crystal molecules is within 
the above-described range, the liquid crystal molecules are in bend alignment in the initial alignment state or in splay 
50 alignment that can be transitioned to a bend alignment state with only the inputting of common video signals. When 
the pretilt angle of the liquid crystal molecules is in the range of from 45** to less than 90**, the liquid crystal molecules 
are in bend alignment in the initial alignment state. Consequently, a driving circuit for the splay-bend transition is not 
necessary and thus it is possible to simplify the device constnjction. On the other hand, when the pretilt angle of the 
liquid crystal molecules is in the range of from 15^ to less than 45^, a fast and proper bend alignment is achieved with 
55 low voltages, and also since the pretilt angle Is not so large, display degradation does not take place, making it possible 
to provide liquid crystal display devices that meet the conditions attendant with actual use. 

[0046] The alignment films may be formed using either an inorganic material or an organic material, provided that 
the above-described pretilt angle can be obtained. 
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[0047] Examples of an Inorganic material Include metal oxides, such as oxidized silicon (SiO) and magnesium oxide 
(MgO), magnesium fluoride, and gold. When an Inorganic material is used, an oblique evaporation is perfomried, and 
thus by setting the evaporation angle (to about 6® to 30**), film fomiation and an alignment treatment are accomplished 
at the same time. 

5 [0048] Examples of an organic material include resins such as a polyimide and polyvinyl alcohol, a chemisorbent 
material capable of chemically bonding to the substrate such as a silane compound, and a material capable of fomiing 
an LB film such as a polyamic acid. Using an organic material requires an alignment treatment The alignment treatment 
is carried out by known methods including rubbing of the substrate surface in the same direction, Irradiation with po- 
larized UV light, and the like. 

10 [0049] The alignment film may be fomried of a single layer comprising a single material or may be fonmed of multiple 
layers using various materials. For example, an organic thin film may be fomied on a thin film composed of an inorganic 
material. 

[0050] When the alignment film is formed of multiple layers, it Is possible to use a homeotroplc alignment agent such 
as lecithin as an organic material for an organic thin film. In addition to the above-described organic materials. 
15 [0051] The first transparent substrate 1 and the second transparent substrate 8 are bonded together such that the 
above-described alignment films 3 and 6 are aligned in the same direction, spherical spacers 5 being interposed be- 
tween the substrates. Thus a liquid crystal cell 9 is obtained. Polarizers may be arranged on both sides of the above- 
described liquid crystal cell 9. 

[0052] A phase compensator may be arranged between the first transparent substrate 1 and one of the polarizers 
^0 and/or between the second transparent substrate 8 and one of the polarizers. In addition, a negative uniaxial retardation 
plate and a biaxial retardation plate may be used individually or in combination. 

[0053] Furthermore, it is also possible to use a negative uniaxial retardation plate that has a retardation of less than 
30nm when viewed from the front and has its principal axis tilted. 

[0054] Particularly when the pretilt angles of the opposing substrates differ, in order to achieve optimum viewing 
25 angle compensation, retardation plates can be used by appropriately selecting the number, type, and combination of 
retardation plates to be used, the position where the retardation plates are to be an-anged, and so forth. In addition, 
the retardation plates may be arranged on one side or both sides of the liquid crystal cell 9. 

EXAMPLE 1 

30 

[0055] A polyimide alignment film coating material JALS-204, available from JSR Corporation, was applied, by spin 
coating, over the whole surfaces of transparent electrodes 2 and 7 fomried on two transparent substrates 1 and 8 
composed of glass, and the resulting films were then dried and cured for one hour in a themiostatic bath at 180**C. 
Subsequently, the films were irradiated with polarized UV light with a wavelength of 365nm for five minutes at an angle 

35 of SO' from a direction nomnal to the substrates. 

[0056] The substrates were bonded together using Struct Bond 352A, available from Mitsui Toatsu Chemicals, Inc., 
such that a first alignment film and a second alignment film were arranged in opposition so that predetemnined pretilt 
angles having the same direction were induced In the liquid crystal molecules at each film, spacers 5, available from 
Sekisui Fine Chemical Corporation, being interposed between the substrates to provide a S.S\im gap therebetween. 

40 Thus, a liquid crystal cell 9 (liquid crystal cell A) was prepared. 

[0057] Similariy, liquid crystal cells B to L were prepared in which the above-described irradiation times of polarized 
UV light were 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, 50 
minutes, 55 minutes, and 60 minutes, respectively. 

[0058] Next, a liquid crystal MJ96435 (with a refractive index anisotropy An = 0.138) was injected into the above- 
45 described liquid crystal cells A to L by a vacuum filling method, thus obtaining test cells A to L. 

[0059] Then, polarizers were bonded to the above-described test cells A to L such that the polarization axes of the 
polarizers formed an angle of 45* with respect to the direction of average alignment of the liquid crystal molecules and 
were orthogonal to each other. By applying a square wave voltage of 6V, the transition from splay alignment to bend 
alignment was observed and the time required for the entire region of the electrodes (the electrode area is 2 cm^) to 
so transition from splay alignment to bend alignment was measured. 

[0060] In addition, by employing the manufacturing conditions of each of the above-described liquid crystal cells, 
liquid crystal cells for evaluating pretilt angles were prepared. Specifically, the cells had the liquid crystal layers with a 
thickness of 1 5\im and the substrates bonded together such that the liquid crystal molecules were aligned anti-parallel. 
Then, cells HA to HL were measured. 
55 [0061] Table 1 shows the measured values of the pretilt angles, the observation results in the initial alignment states, 
and the times required to transition from splay alignment to bend alignment. 
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Table 1 



Test Cell 


Pretilt Angle (•) 


Initial Alignment State 


Time Required for Transitioning to Bend Alignment (sec.) 


A 


3 


Splay 


1200 


B 


8 


Splay 


725 


C 


15 


Splay 


280 


D 


22 


Splay 


70 


E 


29 


Splay 


12 


F 


32 


Splay 


5 


G 


40 


Splay 


1 


H 


47 


Bend 


* 


1 


55 


Bend 




J 


68 


Bend 


* 


K 


80 


Bend 




L 


88 


Bend 


* 


: Bend transition is not necessary. 



[0062] As can be seen from the above results, in the test cells with a pretlit angle of 47'' or more the liquid crystal 
25 molecules were already in bend alignment in the initial alignment state and therefore did not require transition control 
from splay alignment to bend alignment. 

[0063] As is clear from Table 1 , in the liquid crystal cells with a pretlit angle in the range of from 15" to less than 90" 
that are used in the liquid crystal display devices of the present example, the transition times required for bend alignment 
are short. Therefore, without the need for additional driving circuits for the splay-bend transition, the bend transitions 

30 were accomplished in a short time with only the Inputting of a common video signal of about 6V. 

[0064] it should be noted that the present example used a square wave voltage. As a result, for example, in the test 
cell C with a pretlit angle of 15", the time required for transitioning to bend alignment was 280 seconds. On the other 
hand, by experimenting with the application of various wave-shapes during operation, the time required for transitioning 
to bend alignment was reduced to about 1/5 of the above time. Consequently, it was found that when the pretilt angle 

35 is 15" or more, liquid crystal display devices with fast transition times, which are advantageous in actual use, can be 
obtained. 

[0065] The Gibbs free energy is a state energy that varies with the alignment states of a liquid crystal. Fig. 2 shows 
calculated values of applied voltages at which the Gibbs free energy with respect to splay alignment and the Gibbs 
free energy with respect to bend-splay alignment are made equal versus pretilt angles, the values calculated using the 
40 material properties of the liquid crystal material MJ96435. As Is clear from Fig. 2, when the pretlit angle Is 47" to 48" 
or more, bend alignment Is more stable than splay alignment. This fact corresponds with the results of the present 
example. 

EXAMPLE 2 

45 

[0066] A liquid crystal cell M having the same construction as that of Fig. 1 was prepared as follows in a manner 
similar to that described in Example 1 . 

[0067] A polyimide alignment film coating material JALS-204, available from JSR Corporation, was applied, by spin 
coating, over the whole surfaces of transparent electrodes 2 and 7 fonned on two transparent substrates 1 and 8 
50 composed of glass, and the resulting films were then dried and cured for one hour In a themfiostatic bath at 180"C. 
[0068] Then, a first alignment film and a second alignment film were subjected to a rubbing treatment in the direction 
shown in Fig. 3 so that predetermined pretilt angles having the same direction were induced In liquid crystal molecules 
at each film. 

[0069] The substrates were bonded together using Struct Bond 352A, available from Mitsui Toatsu Chemicals, inc., 
55 such that the first alignment film and the second alignment film were arranged in opposition, spacers 5, available from 
Selcisui Fine Chemical Corporation, being interposed between the substrates to provide a 5.3\xm gap therebetween. 
Thus, a liquid crystal cell 9 (liquid crystal cell M) was prepared. 

[0070] Then, a liquid crystal MJ96435 (with a refractive index anisotropy An = 0.138) was Injected into the above- 
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described liquid crystal cell M by a vacuum filling method, and thus a test cell M was obtained. In addition, a cell with 
homogeneous alignment was prepared and the pretilt angle was measured. With the rubbing conditions of the present 
example, the pretilt angle was 78*. 

[0071] Next, polarizers were bonded to the test cell M such that the polarization axes of the polarizers fomied an 
s angle of 45" with respect to the rubbing treatment direction of the alignment films and were orthogonal to each other, 
a positive uniaxial retardation plate with a retardation of 35nm being interposed between each polarizer and each 
substrate to compensate for the residual retardation of the liquid crystal layer. Then, voltage-brightness characteristics 
were measured; the results are shown in Fig. 4. In addition, the response time between two states was measured by 
applying a voltage of 0.2V, which corresponds to the lowest driving voltage at which there is a gray scale response 
10 when displaying gray scale of 8, and a voltage of 0.5V. The rise time of response was 6 msec and the fall time of 
response was 9 msec. 

[0072] As can be seen from Fig. 4 and the results of the response time measurement, it was confimned that in the 
test cell M of the present example the liquid crystal molecules were in bend alignment. That is, in the test cell M of the 
present example, the liquid crystal molecules already exhibited a bend alignment state In the initial alignment stage 
IS and therefore did not require the splay-bend transition control. 

[0073] It should be noted that the retardation required for the retardation plate is not limited to 35nm, This Is because 
the retardation varies according to the values of driving voltage or transmissivity required. 

EXAMPLES 

20 

[0074] A liquid crystal cell N was prepared In a manner similar to that described in Example 2, except that a different 
alignment film material was used. 

[0075] SIO was obliquely evaporated over the whole surfaces of transparent electrodes 2 and 7 formed on two 
transparent substrates 1 and 8 composed of glass at an angle of 60"" from the substrate nomnal. Next, on the surfaces 
25 of the SiO films, lecithin, which Is a homeotropic alignment agent, was applied by spin coating and then dried for one 
hour In a thermostatic bath at 120°C. 

[0076] The substrates were bonded together using Struct Bond 352A, available from Mitsui Toatsu Chemicals, Inc., 
such that a first alignment film and a second alignment film were arranged in opposition, spacers 5, available from 
Sekisul Fine Chemical Corporation, being interposed between the substrates to provide a 5.3^m gap therebetween. 
30 Thus, a liquid crystal cell 9 (liquid crystal cell N) was prepared. 

[0077] Next, a liquid crystal MJ96435 (with a refractive index anisotropy An = 0.138) was injected into the above- 
described liquid crystal cell N by a vacuum filling method, and thus a test cell N was obtained, in addition, a cell with 
homogeneous alignment was prepared and the pretilt angle was measured. In the present example, the pretilt angle 
was 57*. 

35 [0078] Subsequently, polarizers were bonded to the test cell N such that the polarization axes of the polarizers fomned 
an angle of 45* with respect to the alignment treatment direction of the alignment films and were orthogonal to each 
other, a positive uniaxial retardation plate with a retardation of 32nm being interposed between each polarizer and 
each substrate to compensate for the residual retardation of the liquid crystal layer. Then, voltage-brightness charac- 
teristics were measured; the results are shown in Fig. 5. In addition, the response time between two states was meas- 

40 ured by applying a voltage of 0.2V, which corresponds to the lowest driving voltage at which there is a gray scale 
response when displaying gray scale of 8, and a voltage of 0.5V. The rise time of response was 6 msec and the fall 
time of response was 7 msec. 

[0079] As can be seen from Fig. 5 and the results of the response time measurement, it was confirmed that in the 
test cell N of the present example the liquid crystal molecules were in bend alignment. That is, in the test cell M of the 
45 present example, the liquid crystal molecules already exhibited a bend alignment state in the Initial alignment stage 
and therefore did not require the splay-bend transition control. 

[0080] By using a polyimide resin and a chemisorbent material in place of the homeotropic alignment agent, organic 
thin films were fonned, and the films were subjected to an alignment treatment such as rubbing and light irradiation. 
Thus, liquid crystal cells were prepared. With these liquid crystal cells, the same effects were achieved as were achieved 
50 In the cell of the present example. 

EXAMPLE 4 

[0081] On the liquid crystal cell M prepared in Example 2, polarizers, negative uniaxial retardation plates, and biaxial 
55 retardation plates were layered, as shown in Fig 6, and thus a test cell P was prepared. At this point, the retardation 
Rth of the negative uniaxial retardation plates was 200nm, and the biaxial retardation plates Re and Rth were 30nm 
and 150nm, respectively. (Here, Re and Rth are described by the equations Re=(nx-ny)»d and Rth=((nx+ny)/2-nz)»d, 
where nx, ny, and nz are the principal refractive indices of the retardation plates and d is the thickness of the retardation 
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plate. It should be noted that the definitions of nx, ny, nz, and d are the same as those stated earlier.) 
[0082] Then, the viewing-angle dependency of the test cell P was measured in a conventional manner for the contrast 
ratio between two states, white display (an applied voltage of 0.2V) and black display (an applied voltage of 6.0V). A 
contrast ratio of 10 : 1 or more was attained over a range of 120^ In the vertical direction and 130* in the horizontal 
5 direction. 

[0083] As are clear from Examples 2 and 4, it was found that a liquid crystal display element used in a liquid crystal 
display device of the present example was an OCB mode liquid crystal display element exhibiting fast response and 
wide viewing angle characteristics, and the element did not require the splay-bend transition control. 
[0084] in this example, as the alignment treatment method, a rubbing treatment, oblique evaporation, and optical 
10 alignment were employed, but even with the LB method, stamping, and monomolecular adsorption film deposition, the 
same effects were achieved. 

[0085] In Example 4, the pretlit angles and the construction of the liquid crystal display device had top-bottom sym- 
metry, l-iowever, even with a device having differing pretlit angles and constructions on the top and the bottom that 
was made by adjusting the viewing angle characteristics of contrast or brightness, the same effects were achieved. 

15 

EXAMPLE 5 

[0086] A liquid crystal cell Q having the same construction as that of Fig. 1 was prepared as follows in a manner 
similar to that described in Example 1 . 
20 [0087] A polyimlde resin for homeotropic alignment, SE1211, available from Nissan Chemical Industries, Ltd., was 
applied, by spin coating, overthe whole surfaces of transparent electrodes 2 and Tfonned on two transparent substrates 
1 and 8 composed of glass, and the resulting films were then dried and cured for one hour in a themnostatic bath at 
180*'C. 

[0088] Then, a first alignment film and a second alignment film were subjected to a rubbing treatment in the direction 
25 shown in Fig. 3 so that predetermined pretilt angles having the same direction are induced in liquid crystal molecules 
at each film. 

[0089] The substrates were bonded together using Struct Bond 352A, available from Mitsui Toatsu Chemicals, Inc., 
such that the first alignment film and the second alignment film were arranged in opposition, spacers 5, available from 
Sekisui Fine Chemical Corporation, being interposed between the substrates to provide a 3)im gap therebetween. 
30 Thus, a liquid crystal cell 9 (liquid crystal cell Q) was prepared. 

[0090] Next, a liquid crystal ZL(-1 083, available from Merck Japan, Ltd., was injected into the above-described liquid 
crystal cell Q by a vacuum filling method, and thus a test cell Q was obtained. In addition, a cell with homogeneous 
alignment was prepared and the pretilt angle was measured. With the rubbing conditions of the present example, the 
pretilt angle was 78*. 

35 [0091 ] On the light source side and the viewer side of the liquid crystal celt Q, a retardation plate (with a retardation 
when viewed from the front Re=25nm) composed of a medium with a negative refractive index whose principal axis is 
in hybrid alignment, a negative uniaxial retardation plate (Re=3nm and Rth=105nm), and a polarizer were layered in 
sequence from the liquid crystal cell Q side. Thus, a test cell Q was prepared. 

[0092] The test cell Q allowed for white display at a driving voltage of 1 .5V and for black display at a driving voltage 
40 of 5.0V. In addition, the test cell P attained a contrast ratio of 1 80 : 1 when viewed from the front. Furthermore, excellent 
viewing angles were provided, i.e., 110* in the vertical direction and 160* in the horizontal direction. 

EXAMPLE 6 

45 [0093] A liquid crystal cell R having the same construction as that of Fig. 1 was prepared as follows in a manner 

similar to that described in Example 1 . 

[0094] A solution of IQ-^mol/L, in which C6H5-CH=CH*CO-0-(C6H4)-0-SiCl3 was mixed and dissolved in hexame- 
thyldlsiloxane, was applied, by spin coating, over the whole surfaces of transparent electrodes 2 and 7 formed on two 
transparent substrates 1 and 8 composed of glass in a dry air atmosphere, and the resulting films were then dried and 
50 cured for one hour In a themnostatic bath. Subsequently, the substrates were washed with chlorofonn, and then liquid 
was removed and the substrates were allowed to dry. 

[0095] Then, a first alignment film and a second alignment film were irradiated with polarized UV light at different 
irradiation strengths and different irradiation angles so that predetemnined pretilt angles having the same direction are 
induced in liquid crystal molecules at each film. 
55 [0096] The substrates were bonded together using Stmct Bond 352A, available from Mitsui Toatsu Chemicals, inc., 
such that the first alignment film and the second alignment film were arranged in opposition, spacers 5, available from 
Sekisui Fine Chemical Corporation, being interposed between the substrates to provide a 3^m gap therebetween. 
Thus, a liquid crystal cell 9 (liquid crystal cell R) was prepared. 
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[0097] Next, a liquid crystal ZLI-1083, available from Merck Japan, Ltd., was Injected into the above-described liquid 
crystal cell R by a vacuum filling method, and thus a test cell R was obtained. In addition, a cell with homogeneous 
alignment was prepared and the pretilt angles were measured. With the conditions of the present example, the pretllt 
angle of the first substrate 1 was 30'' and the pretitt angle of the second substrate 8 was 65^. 
5 [0098] On the liquid crystal cell R, polarizers and retardation plates composed of a medium with a negative refractive 
index whose principal axes are in hybrid alignment were layered, and thus a test cell R was prepared. The test cell R 
obtained viewing angle characteristics in which the viewing angle was symmetrical at 1 20** in the vertical and horizontal 
directions. 

[0099] Use of chemisorption was effective in obtaining liquid crystal display devices with a medium pretilt angle. In 
10 addition, by adjusting the irradiation conditions of polarized UV light, the substrates having different pretilt angles were 
easily obtained. Particulariy, silane compounds having a chalcone skeleton were effective. 

[0100] Even by rubbing and a method whereby an organic thin film is layered on a thin film composed of an inorganic 
compound, a liquid crystal cell was manufactured in which the pretitt angle on one substrate and the pretilt angle on 
the other substrate are in the range of from 15* to less than 90', and in which the pretilt angles differ from each other. 
15 This liquid crystal cell also obtained viewing angle characteristics In which the viewing angle was symmetrical In the 
vertical and horizontal directions. 

EXAMPLE 7 

20 [0101] A liquid crystal cell S was prepared in a manner similar to that described in Example 6, except that the irra- 
diation conditions of polarized UV light was different. 

[0102] The substrates were bonded together using Struct Bond 352A, available from Mitsui Toatsu Chemicals, inc., 
such that a first alignment film and a second alignment film were arranged in opposition, spacers 5, available from 
Sekisui Fine Chemical Corporation, being interposed between the substrates to provide a 2.5^m gap therebetween. 
25 Thus, a liquid crystal cell 9 (liquid crystal cell S) was prepared. 

[0103] Then, a liquid crystal ZLI-1 083, available from Merck Japan, Ltd., was injected into the above-described liquid 
crystal cell S by a vacuum filling method, and thus a test cell S was obtained. 

[0104] The initial alignment state of the liquid crystal molecules of the test cell S was observed. The liquid crystal 
molecules were in bend alignment in the initial alignment state and therefore did not require transition from splay 
30 alignment to bend alignment. 

[0105] In addition, a cell with homogeneous alignment was prepared and the pretilt angle was measured. With the 
conditions of the present example, the pretilt angle of the first substrate 1 was 8* and the pretilt angle of the second 
substrate 8 was 82**. 

[0106] Next, the response time between two states was measured by applying a voltage of 2.0V and a voltage of 
35 2.4V The rise time of response was 0.6 msec and the fall time of response was 1.1 msec. 

[0107] Even by rubbing and a method whereby an organic thin film is layered on a thin film composed of an inorganic 
compound, a liquid crystal cell was manufactured in which the pretilt angle on one substrate is in the range of from 
15* to less than 90* and the pretilt angle on the other substrate is less than 15*. This liquid crystal cell also did not 
require transition from splay alignment to bend alignment or accomplished bend transition in a short time. In addition, 
40 a fast and excellent response time was provided. 

INDUSTRIAL APPLICABILITY 

[0108] As has been described thus far, according to the present invention, by carrying out a parallel alignment treat- 
45 ment on the alignment films capable of providing pretilt angles In the range of from 1 5* to less than 90* to liquid crystal 
molecules. It is possible to provide liquid crystal display devices with fast transition times in which bend alignment is 
easily obtained by applying voltages of a few volts. In addition, it is also possible to provide liquid crystal display devices 
that do not require transition control. Furthermore, as the devices have excellent viewing angle characteristics, highly 
practical OCB mode liquid crystal display devices can be provided. Thus, the value of the present invention to industry 
50 Is considerable. 



Claims 

55 1 . A liquid crystal display device comprising a liquid crystal cell having a first electrode arranged on a first transparent 
substrate, a second electrode arranged on a second transparent substrate, a tirst alignment film and a second 
alignment film covering the first electrode and the second electrode, respectively, the first alignment film and the 
second alignment film having been subjected to a parallel alignment treatment such that predetemiined pretilt 
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angles having the same direction are induced in liquid crystal molecules at each film, and a liquid crystal layer 
enclosed between the first substrate and the second substrate, display being brought about by providing bend 
alignment to the liquid crystal to change tight transmisslvlty, 

wherein the pretilt angle of at least one of the first alignment film and the second alignment film is in the 
5 range of from 1 5* to less than 90'. 

2. A liquid crystal display device according to claim 1 , wherein the pretilt angle of the first alignment film and the pretilt 
angle of the second alignment film are equal. 

10 3. A liquid crystal display device according to claims 1 or 2, wherein a phase compensator Is arranged on at least 
one of the first electrode side and the second electrode side, the phase compensator optically compensating for 
liquid crystal alignment. 

4. A liquid crystal display device according to claim 3, wherein the phase compensator is selected from the group 
15 consisting of a negative uniaxial retardation plate and a biaxial retardation plate. 

5. A liquid crystal display device according to claim 3, wherein the phase compensator is a negative uniaxial retar- 
dation plate, the retardation plate having a retardation of less than 30nm when viewed from the front, the principal 
axis of the retardation plate being tilted. 

20 

6. A method of manufacturing a liquid crystal display device that changes light transmisslvlty to bring about display 
by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 
an electrode and an alignment film arranged thereon, the method comprising the steps of: 

25 fomning an alignment film by forming a first thin film on each of the pair of substrates by obliquely evaporating 

an inorganic compound and forming a second thin film on each of the first thin films, the second thin films 
being composed of an organic compound; 

carrying out an alignment treatment on each of the second thin films; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
30 substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to fomi a liquid crystal layer; 

whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 

range of from 15* to less than 90*. 

35 7. A method of manufacturing a liquid crystal display device according to claim 6, wherein the alignment treatment 
is carried out so that the second thin films have a pretilt angle of 5*^ or more with respect to the film surfaces of the 
first thin films. 

8. A method of manufacturing a liquid crystal display device according to claims 6 or 7, wherein the organic compound 
40 fomning the second thin films Is a polylmide resin. 

9. A method of manufacturing a liquid crystal display device according to claims 6, 7, or 8, wherein the second thin 
films are fonned by chemisorptlon. 

45 10. A method of manufacturing a liquid crystal display device according to claims 6, 7, or 8, wherein the second thin 
films are fonned by the LB method. 

11. A method of manufacturing a liquid crystal display device that changes light transmisslvlty to bring about display 
by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 
so an electrode and an alignment film arranged thereon, the method comprising the steps of: 

fomning a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 
carrying out an alignment treatment by irradiating each of the thin films with light; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
S5 substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to form a liquid crystal layer; 

whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 

range of from 15" to less than 90". 
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12. A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about display 
by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 
an electrode and an alignment film arranged thereon, the method comprising the steps of: 

s forming a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 

carrying out an alignment treatment on each of the thin films under differing irradiation conditions; 
bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to fomn a liquid crystal layer; 
10 whereby the pretilt angle of liquid crystal molecules from the plane of at least one of the pair of substrates is 

set in the range of from 15* to less than QO**. 

13. A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about display 
by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 

15 an electrode and an alignment film arranged thereon, the method comprising the steps of: 

fomning a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 
carrying out an alignment treatment on each of the thin films by rubbing; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
20 substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to form a liquid crystal layer; 

whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 

range of from 15* to less than 90'. 

25 14. A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about display 
by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 
an electrode and an alignment film arranged thereon, the method comprising the steps of: 

fomning a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 
30 carrying out an alignment treatment under differing mbbing conditions on each of the thin films by rubbing; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to fomn a liquid crystal layer; 
whereby the pretilt angle of liquid crystal molecules from the plane of at least one of the pair of substrates is 
35 set in the range of from 15* to less than 90". 

15. Amethodof manufacturing a liquid crystal display device according to claims 11, 12, 13, or 14, wherein the organic 
compound forming the alignment films is a polyimide resin. 

40 16. A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about display 
by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 
an electrode and an alignment film arranged thereon, the method comprising the steps of: 

fomning a thin film on each of the pair of substrates by contacting the surfaces of the pair of substrates with a 
"^5 chemisorbent material having a photosensitive group to chemisorb the chemisorbent material onto the sur- 

faces of the pair of substrates; 

carrying out an alignment treatment by irradiating each of the thin films with polarized light; 
bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 
50 injecting the liquid crystal between the pair of substrates to fomn a liquid crystal layer; 

whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 
range of from 15" to less than 90". 

17. A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about display 
55 by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates having 

an electrode and an alignment film arranged thereon, the method comprising the steps of: 

fomning a thin film on each of the pair of substrates by contacting the surfaces of the pair of substrates with a 
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chemlsorbent material having a photosensitive group to chemisorb the chemisorbent material onto the sur- 
faces of the pair of substrates; 

carrying out an alignment treatment by Irradiating each of the thin films with polarized light under differing 
inxidiation conditions; 

5 bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 

substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to form a liquid crystal layer; 

whereby the pretilt angle of liquid crystal molecules from the plane of at least one of the pair of substrates is 

set in the range of from 15* to less than 90". 

10 

Amended claims under Art.19.1 PCT 

1. (Amended) A liquid crystal display device comprising a liquid crystal cell having a first electrode arranged on a 
IS first transparent substrate, a second electrode arranged on a second transparent substrate, a first alignment film 

and a second alignment film covering the first electrode and the second electrode, respectively, the first alignment 
film and the second alignment film having been subjected to a parallel alignment treatment such that predetermined 
pretilt angles having the same direction are induced in liquid crystal molecules at each film, and a liquid crystal 
layer enclosed between the first substrate and the second substrate, display being brought about by providing 
20 bend alignment to the liquid crystal to change light transmissivity, 

wherein the pretilt angle of at least one of the first alignment film and the second alignment film Is in the 
range of from 15* to less than 45*. 

2. (Amended) A liquid crystal display device according to claim 1 , 

25 wherein the pretilt angle of at least one of the first alignment film and the second alignment film is in the range of 

from 15" to 40*. 

3. (Amended) A liquid crystal display device according to claim 1 , 

wherein the pretilt angle of at least one of the first alignment film and the second alignment film Is in the range of 
30 from 22" to 40". 

4. (Amended) A liquid crystal display device according to claim 1 , 

wherein the pretilt angle of at least one of the first alignment film and the second alignment film is in the range of 
from 32" to 40". 

35 

5. (Amended) A liquid crystal display device according to claim 1 , 
wherein the liquid crystal is in splay alignment In an initial alignment state. 

6. (Amended) Aliquid crystal display device according to claims 1,2,3, 4, or 5, wherein the pretilt angle of the first 
40 alignment film and the pretilt angle of the second alignment film are equal. 

7. (Amended) A liquid crystal display device according to claims 1 , 2, 3, 4, 5, or 6, wherein a phase compensator Is 
arranged on at least one of the first electrode side and the second electrode side, the phase compensator optically 
compensating for liquid crystal alignment. 

45 

8. (Amended) A liquid crystal display device according to claim 7, 

wherein the phase compensator is selected from the group consisting of a negative uniaxial retardation plate and 
a biaxial retardation plate. 

50 9. (Amended) A liquid crystal display device according to claim 7, 

wherein the phase compensator is a negative uniaxial retardation plate, the retardation plate having a retardation 
of less than 30nm when viewed from the front, the principal axis of the retardation plate being tilted. 

10. (Amended) A method of manufacturing a liquid crystal display device that changes light transmissivity to bring 
55 about display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the 

substrates having an electrode and an alignment film arranged thereon, the method comprising the steps of: 

forming an alignment film by fomning a first thin film on each of the pair of substrates by obliquely evaporating 



13 



EP 1 172 685 A1 

an inorganic conapound and fonnlng a second thin film on each of the first thin films, the second thin films 
being composed of an organic compound; 

carrying out an alignment treatment on each of the second thin films; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
s substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to fonn a liquid crystal layer; 

whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set In the 

range of from 1 5* to less than 90*. 

10 11. (Amended) A method of manufacturing a liquid crystal display device according to claim 1 0, wherein the alignment 
treatment is carried out so that the second thin films have a pretiit angle of 5® or more with respect to the film 
surfaces of the first thin films. 

12. (Amended) A method of manufacturing a liquid crystal display device according to claims 10 or 11, wherein the 
15 organic compound forming the second thin films is a polyimide resin. 

13. (Amended) A method of manufacturing a liquid crystal display device according to claims 10, 11 , or 12, wherein 
the second thin films are formed by chemisorption. 

20 14. (Amended) A method of manufacturing a liquid crystal display device according to claims 10, 11, or 12, wherein 
the second thin films are formed by the LB method. 

(Amended) A method of manufacturing a liquid crystal display device that changes light transmissivity to bring 
about display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the 
substrates having an electrode and an alignment film arranged thereon, the method comprising the steps of: 

forming a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 
carrying out an alignment treatment by irradiating each of the thin films with light; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially paraliel to each other; and 

injecting the liquid crystal between the pair of substrates to fonn a liquid crystal layer; 
whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 
range of from 15* to less than 45*. 

(Amended) A method of manufacturing a liquid crystal display device according to claim 15, wherein the pretilt 
angles of the liquid crystal molecules from the planes of the pair of substrates are set in the range of from 1 5"" to 40**. 

(Amended) A method of manufacturing a liquid crystal display device according to claim 15, wherein the pretilt 
angles of the liquid crystal molecules from the planes of the pair of substrates are set in the range of from 22* to 40*. 

(Added) A method of manufacturing a liquid crystal display device according to claim 1 5, wherein the pretilt angles 
of the liquid crystal molecules from the planes of the pair of substrates are set in the range of from 32* to 40*. 

(Added) A method of manufacturing a liquid crystal display device according to claim 1 5, wherein the liquid crystal 
is in spiay alignment in an initial alignment state. 

(Added) A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about 
display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates 
having an electrode and an alignment film arranged thereon, the method comprising the steps of : 

fonnlng a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 
carrying out an alignment treatment on each of the thin films under differing irradiation conditions; 
bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to form a liquid crystal layer; 
whereby the pretilt angle of liquid crystal molecules from the plane of at least one of the pair of substrates is 
set in the range of from 15* to less than 90*. 



15. 
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21 . (Added) A method of manufacturing a liquid crystal display device that changes light transmissivlty to bring about 
display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates 
having an electrode and an alignment film arranged thereon, the method comprising the steps of: 

s fomiing a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 

carrying out an alignment treatment on each of the thin films by rubbing; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 

Injecting the liquid crystal between the pair of substrates to fomri a liquid crystal layer; 
10 whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 

range of from 15* to less than 90®. 

22. (Added) A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about 
display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates 

15 having an electrode and an alignment film an'anged thereon, the method comprising the steps of: 

fonning a thin film on each of the pair of substrates, the thin films being composed of an organic compound; 
carrying out an alignment treatment under differing mbbing conditions on each of the thin films by rubbing; 
bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
20 substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to fomi a liquid crystal layer; 

whereby the pretilt angle of liquid crystal molecules from the plane of at least one of the pair of substrates is 

set in the range of from 15" to less than 90". 

25 23. (Added) A method of manufacturing a liquid crystal display device according to claims 1 5, 1 6, 1 7, 1 8. 1 9, 20, 21 , 
or 22, wherein the organic compound fonning the alignment films is a polyimide resin. 

24. (Added) A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about 
display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates 

30 having an electrode and an alignment film arranged thereon, the method comprising the steps of: 

fonning a thin film on each of the pair of substrates by contacting the surfaces of the pair of substrates with a 
chemisorbent material having a photosensitive group to chemisorb the chemlsorbent material onto the sur- 
faces of the pair of substrates; 
35 carrying out an alignment treatment by in-adiating each of the thin films with polarized light; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to fomri a liquid crystal layer; 
whereby the pretilt angles of liquid crystal molecules from the planes of the pair of substrates are set in the 
40 range of from 15" to less than 90'. 

25. (Added) A method of manufacturing a liquid crystal display device that changes light transmissivity to bring about 
display by providing bend alignment to liquid crystal provided between a pair of substrates, each of the substrates 
having an electrode and an alignment film arranged thereon, the method comprising the steps of: 

45 

fonning a thin film on each of the pair of substrates by contacting the surfaces of the pair of substrates with a 
chemisorbent material having a photosensitive group to chemisorb the chemisorbent material onto the sur- 
faces of the pair of substrates; 

carrying out an alignment treatment by irradiating each of the thin films with polarized light under differing 
50 Irradiation conditions; 

bonding the pair of substrates together such that the alignment treatment directions of the alignment films are 
substantially parallel to each other; and 

injecting the liquid crystal between the pair of substrates to form a liquid crystal layer; 
whereby the pretilt angle of liquid crystal molecules from the plane of at least one of the pair of substrates is 
55 set in the range of from 1 5" to less than 90". 
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BRIEF STATEMENT UNDER ARTICLE 19 (1) 

Claims 1 and 1 1 have been amended to narrow the range of the pretilt angles. These amendments were made to 
distinguish the range of the pretilt angles of the invention from that of the prior art. The range of the pretilt angles has 
5 been amended based on the data of Example 1 . 

Further, Claims 2 to 6 and Claims 1 6 to 1 9 are appended to Claim 1 and Claim 1 1 , respectively. Claims 2 to 4 and 
Claims 1 6 to 1 8 specify a preferable range of the pretilt angles in accordance with Example 1 . 

In the range of pretilt angles of Claims 1 to 4 and Claims 15 to 18. the liquid crystal Is in splay alignment In the 
initial alignment state and the transition time from splay alignment to bend alignment can be reduced. In particular. 
10 when the pretilt angle Is set In the range of from 22" to 40", the transition time from splay alignment to bend alignment 
can be reduced to less than 1 00 seconds, and when the pretilt angle is set in the range of from 32" to 40", the transition 
time from splay alignment to bend alignment can be reduced to less than 10 seconds. There Is no disclosure In the 
prior art concerning controlling the transition time from splay alignment to bend alignment by specifying pretilt angles. 
Moreover, Claims 5 and 19 specify that the liquid crystal is in splay alignment In the initial alignment state. By the 
15 amendments, It has become clear that liquid crystal display devices of the invention have the advantageous effects, 
not been disclosed In the prior art, of reducing the transition time from splay alignment to bend alignment. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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